I) Transmission Electron Microscopy at high particle density

nm
Figure S1 Typical TEM image at high nanoparticle density showing both size and shape distribution of the nanoparticles' inorganic Fe 3 O 4 core
II) Procedure for determining the hydrodynamic diameters as a function of electrophoretic mobility by Transient Magnetic Birefringence (TMB) in situ
The in situ determination of hydrodynamic particle diameters as a function of electrophoretic mobility by TMB shall be illustrated schematically for the nanoparticles functionalized with PMAO + PEG separated in a 0.5% w/v gel. For measuring the relaxation time one gel lane (figure S2a) was cut and fixed on the sample holder (see figure 1a in the manuscript). The relaxation of the magnetically induced birefringence was measured as a function of the distance from the well. The normalized light intensity transmitted through different spots in the gel lane is shown in figure S2b. A regression of equation (2) to the transmitted light intensity yields the hydrodynamic diameter distribution of the particles (with η = 0.89 mPa*s and T = 25 ºC), shown in figure S2c.
It can be seen how the size distribution narrows as the distance traversed by the particles increases. 
III) Comparison of TMB in situ and ex situ measurements
After TMB measurements were performed in situ, the gel was cut into pieces and the pieces were submerged in TBE buffer. After most of the particles had diffused out of the gel (which took a few days) TMB measurements were performed ex situ, where the particles were freely moving in the buffer. Note that the 0.5% agarose gel data corresponds to that presented in Figure 2 , while the 2% agarose gel data is from another experiment performed under the same conditions. Hydrodyn. diameter (nm) Figure S3 Electrophoretic nanoparticle mobility as a function of the mean hydrodynamic particle diameter determined in situ and ex situ by Transient Magnetic Birefringence (TMB). Particles of different functionalizations (PMAO with optional subsequent Gal or PEG modification) had been separated by electrophoresis in agarose gels of different agarose concentrations (0.5% and 2%). Plotted is the geometric mean diameter with the confidence interval of one standard deviation.
In figure S3 we can observe some differences (deviations are within 10%) for the hydrodynamic diameters determined ex situ and in situ. Nonetheless, it has to be taken into account that possibly not all particles diffuse out of the gel and that after the particle extraction the cluster size distribution may have changed. Therefore, those differences should not be interpreted as any clear evidence that rotational diffusion depends on pore size.
IV) Effect of the gel and fluctuations in the particle concentration on particle sizes
We have measured the effect of the gel and fluctuations in the particle concentration on the particle sizes. To take into account the depolarization caused by the gel but rule out gel-NP interactions, we have positioned a 2% agarose gel behind the nanoparticle suspension of different concentrations (ranging from the maximum concentration used in our experiments to the minimum concentration giving detectable birefringence). The effect on the hydrodynamic diameter is negligible, since hydrodynamic diameter fluctuations lie within only 1.7% ( Figure S4 ). In fact, our 2% agarose gel samples of 6 mm thickness imply a depolarization of the transmitted laser light of only 0.3%. Figure S4 : Hydrodynamic diameter vs. nanoparticle concentration (scaled as in Figure 2 and zoomed in the inset). Measurements were performed on nanoparticle suspensions of different concentrations (black squares), and with a 2% agarose gel positioned behind the nanoparticle suspension (red dots). The comparison of nanoparticle absorbance and birefringence illustrates that birefringence does not depend on the total NP concentration, measured through the NP absorbance, but only on the dimers' and anisometric aggregates' contribution (the birefringence maximum is shifted to lower mobilities with respect to the maximum of the NP absorbance). NP absorbance was determined by comparing the yellow component of the photograph at the gel lane center and border.
V) DLS hydrodynamic diameter distribution by number
